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Antizyme Release Is an Early Event in Ornithine Decarboxylase 
Induction by Hair Plucking* 
JEANNE LESIEWICZ, PH.D. AND LOWELL A. GOLDSMITH, M.D. 
Division olDennatology, Departrnent of Jltfedicin e, Dulle University Medical Center, Durham, North Carolina, U.S.A. 
Plucking of hair from the dorsal skin of rats resulted 
in a rapid decrease in ornithine decarboxylase (ODe) 
activity. A significant loss of activity did not occur in 
other skin enzymes under the same conditions and in 
vivo incorporation of [3H]-leucine in skin was not sig-
nificantly decreased 60 min immediately following hair 
plucking. Treatment of ODe enzyme preparations with 
10% (NILhSo', resulted in recovery of approximately 
75% greater ODe activity than in untreated samples, 
suggesting the presence of an inhibitor (antizyme). ODe 
inhibitor was detected in plucked skin; inhibitor levels 
increased after treatment of plucked skin extracts with 
10% (NH4 hSo',. 
In the rat, hair growth occurs in a cyclic manner. P lucking of 
hair during the telogen phase induces high levels of ornithine 
decarboxylase (L-ornithine carboxylase, Ee 4 .1.1.17) (ODe) [1] 
within 4 hr [2]. However, during the 60 'min immediately 
following hail' plucking ODe activity is observed to decrease 
[1,3]. The cause of this initial loss of ODe enzyme activity is 
the ' subject of this report. 
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Abbreviations: 
DDT: dithiothre ito l 
EDTA: (ethylened initrilol-tetraacetic acid, disod ium salt 
ODC: ornithine decarboxylase 
PLP: pyridoxal-5' -phosphate 
TCA: trichloroacetic acid 
Tris: trihydroxyaminomethane 
MATERIALS AND METHODS 
Ch.emicals 
Trihydroxyaminomethane (Tris) , pyridoxal-5'-phosphate (PLP), and 
cycloheximide, were purchased from Sigma Chemical Co., St. Louis, 
Missouri. DL-[l-"'C]-ornithine (51.2 mC/ mmol), L-[4,5-"H]-leucine (12 
Ci/mmol) , [1,4-'4C]-putrecine (89.9 mCi/mmol), phenethylamine, and 
Aquasol II were from New England Nuclear, Boston, Massachusetts. 
Enzyme-grade sucrose and ultrapure ammonium sulfate were fTom 
Schwartz-Mann, Spring Valley, New York. Dithiothreitol (OTT) was 
from Bachem Feinchemikalien, L iesta l, Switzerland. Biogel-PlOO was 
obtained fTom Bio-Rad Laboratories, Richmond, California . 
Anim.als 
Juvenile male CD strain rats weighing 80-100 g (24-28 days old) 
were obtained from Charles R iver Breeding Laboratories, Wilmington, 
Massachusetts. For ODC enzyme studies the animals were used in the 
early anagen phase of hair growth, which was defined as dorsal skin fo r 
which the most ventral edge of a patch was within 1 cm of the 
discernib le border of new hair el·up tion. For inhibitor studies, animals 
in the telogen phase were used. This phase was defined as skin for 
which no border of new hair growth was detected on the an imal's 
dorsum. 
Time Co u.rse of Plucking R esponse 
Animals were anesthesized with ether and the hair plucked from 
their dorsal skin in patches 60, 45, 30, 15, 5, and 0 (immediately) min 
before death by decapitation. Hair plucking was accomplished using 
hemostat forceps which had thin-walled rubber tubing forced over the 
ends. The hair could then be grasped t ightly a nd jerked free in clumps. 
A 2.5 x 2.5 cm skin patch can be plucked bare in 15-20 sec by this 
method. The skin patches were excised, cleaned of underlying muscll-
lature, weighed, and homogenized 1:9 (weight:volume) in ODe buffer 
(10 mM Tris pH 7.0, 0.5 mM EDTA pH 7.0, 0.01 mM PLP, and 5 mM 
DTT) as previously described [2]. ODC assays a nd turbidimetric pro-
tein determinations were performed as previously described [3]. One 
uni t of ODC activity is capable of releasing 1 Ilmol "'COz/hr. 
Response of Other Shin Enzym.es to Hair Pluching 
Animals were anesthesized with ether and the hair plucked from one 
half of their dorsal skin 60 and 0 min before death by decapitation. The 
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skin was excised, cleaned, a nd divided in to 3 portions. One port ion was 
homogenized in 50 mM sodium phosphate, 1 mM EDTA, pH 7.6, 
centrifuged, a nd assayed for skin sulfhydryl oxidase activity as previ-
ously described [4]. A second portion was homogenized in 140 mM KCl, 
centrifuged, and assayed for tyrosine aminotra nsferase activity as pre-
viously described [5]. The third portion was homogenized first in 250 
mM sucrose, centrifuged, and the pellet rehomogenized in 10 mM Tris-
HCl pH 7.5, 1 mM EDTA. Both extracts were assayed for transgluta-
minase activi ty as previously described [6]. 
In vivo ['H}-Leucine Incolporation 
The hair was shaved fTom the backs of the animals and the skin 
divided into 2.5-cm" noncontiguous patches. The patches were injected 
subcutaneously with 2 /lC of r 'H]-leucine (10 /lCi/ml in 0.9% N aCl) 60, 
30, 15, 5, and 0 min before death by decapi tation. Cycloheximide-
t reated animals received 1 mg cycloheximide/IOO g body weight (in 
0.9% NaCl) i.p. 60 min before death. Other animals had the hair plucked 
fTom a skin patch 60 and 0 min before death. These patches were 
injected as described immediately after plucking. 
Following death by decapitation, the skin patches were prepared as 
described for ODC assays. Skin adjacent to, but no t in, injected patches 
was prepared in this manner from the control and plucked a nima ls. 
Duplicate aliquots (0.1 ml) of the supernatant fTactions were assayed 
tubidimetrically for pro tein and then heated at 90°C for 5 min a nd 
collected on Whatman GF /C filters. The fil te rs were washed twice with 
cold 5% TCA conta ining 2% L-Ieucine, then with ethanol, dried, and 
subjected to liquid scintillation counting. 
Ammonium Sulfate Treatment of ODe 
Ornithine decarboxylase was prepared from skin patches, which were 
either shaved or plucked free of hair 60 min before death, as described 
above. The enzyme preparations were concentrated 5- to 8-fold using 
an Amicon PM 30 filter. Aliquots (0.5 m!) of a given concentrate were 
made 10% in (NH"hSO. by the dropwise addit ion of a saturated solu tion 
with stirring. Treated or un treated aliquots were then chromatographed 
on a Biogel-PlO0 colu mn (1 x 45 em), equilibrated, and elu ted with 
ODe column buffer (10 mM Tris pH 7.0, 0.5 mM EDTA, 5 mM DTT, 
0.1 mM PLP). One-milliliter fractions were collected a nd assayed for 
ODe activ ity as previously described. The activ ity recovered in the 
peak was calculated and compared for the same extract with and 
without (NH,hSo" treatment. 
Antizyme Preparation 
Dorsal skin patches were either shaved or plucked free of hair 60 
min before death as described above. The samples were homogenized 
1:9 (weight:volume) in antizyme buffer (50 mM Tris pH 8.2, 0.1 mM 
EDTA, 0.1 mM DTT) using a Brinkman polytron (3 x 30 sec), and 
centrifuged for 30 min at 30,000 x g. 
Ini t ia Lly a series of Amicon filters was tested for the concent ration of 
antizyme preparations. Supernatant fractions were concentrated 4- to 
6-fold using an Amicon XM 50 filter. The filtra te was collected, an 
a liquot saved, and then it was reconcentrated using a PM 30 fIl ter. This 
process was repeated using a PM 10 filter. 
The concentrates and fil trates were then tested for inhibition of 
ODe enzyme activity in a uniform assay conta ining 0.6 uni t of rat skin 
ODe enzyme (50 f1.l in ODe buffer) and varia ble amounts of antizyme 
extract balanced with ant izyme buffer (100 /ll total volume). The fina l 
concentrations of the buffer components were 0.025 mM PLP, 0.13 mM 
EDTA, and 27.5 mM Tris, approximately pH 7.6. DL-[lc'''C]-orni thine 
and fresh DTT were added to the assay to fina l concentrations 01"2 mM 
and 5 mM, respectively. The fin al assay volume was 200 Ill. Controls 
containing no enzyme or no antizy me were performed. The presence of 
inhibitory activity in the fil trate indicated that the molecule had passed 
through the filter. I ts presence in the concentrate indicated it had been 
retained. 
A portion of each PM 30 concentrate was treated with (NH.hSO. as 
previously described. The treated fractions were concent rated to dry-
ness by Amicon ultrafiltration using an XM 50 fi lter. The filtrates were 
collected, dialyzed against the extrac tion buffer, lyophilized, and resus-
pended to their original volumes. These fractions were assayed for 
inhibition of ODe activity as described. One unit of inhibitor is capable 
of inhibiting one unit of ODe activity as defmed above. 
HESULTS 
Rats in the early to mid anagen phase of hair growth were 
chosen in order to maximize the detection of decreases in ODC 
enzyme activity. In all the a nimals used, unstimula ted skin 
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ODC was increased above the minimal level found during the 
telogen phase, but was still well below the peak level of the hair 
plucking response. 
The time course of the early response of rat skin ODC to hair 
plucking is presented in Fig 1. The decrease in ODC enzyme 
activity is initially very rapid, with approximately 30% of the 
activity lost within 5 min and gTeater than 50% lost within 15 
min of hair plucking. The decrease in ODC activity plateaued 
45-60 min after hair plucking at a level approximately 75% 
lower than the starting activity. 
The activities of other skin enzymes were also measured 60 
or 0 min after hair plucking in an effort to determine whether 
loss of enzyme activity after hair plucking is a general phenom-
enon. These data are presented in Table 1. ODC activity was 
decreased to 23.6% of control levels in this experiment. Skin 
tyrosine aminotransferase and transglutaminase activities were 
not significantly different from initial values 60 min after hair 
plucking. In direct contrast to the ODC response, skin sulfhy-
dryl oxidase activity was significa ntly elevated above control 
values (p = 0.05). Thus, loss of enzyme activity appears to be 
specific for skin ODC. 
Since ODC is known to have a very short biologic half-life, 
the decrease in its activity could possibly result from loss of 
protein synthetic activ ity in skin after hair plucking. The in 
vivo incorporation of [3H]-leucine into skin proteins was there-
fore investigated. The results of these studies are presented in 
Fig 2. Subcutaneous injection of [3H]-leucine into unplucked 
skin patches resulted in a nearly linear increase in hot TCA-
precipitable radioactivity for 60 min. Incorporation of CH]-
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FI G 1. Early time-course of rat skin ODe response to hair plucking. 
Hair was plucked sequentially from the dorsal skin of rats at the times 
indicated before death. Enzyme was prepared from each patch and 
assayed, as described in the text. Data are the mean ± S.E., n = 6. 
TABLE I. Shin enzym.e activities 1 hr after h.air pluclling 
Enzyme 
Orni thine decarboxylase 
T yrosine aminotransferase 
Su lfhydryl oxidase 
Transglu taminase 
Sucrose extract 
Buffer extract 
" Data are the mean ± S.E., n = 6. 
% Unplllcked CO llLrol ac-
tivit.y(/ 
23.6 ± 3.1 
78.9 ± 6.5 
177.6 ± 12.4 
163.5 ± 23.2 
78.6 ± 12.0 
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leucine into skin adjacent to the injected patches was negligible. 
The incorporation of ["H)-leucine into skin proteins was pre-
vented by the i.p. administration of 1 mg/100 g body weight 
cycloheximide simultaneously with the injection of amino acid. 
At least 93% inhibition was observed from 5-60 min of cyclo-
heximide treatment. The level of hot TeA-precipitable radio-
activity incorporated within 60 min of hair plucking was found 
to be 74% of the incorporation observed in unplucked skin. 
Thus, the protein synthetic capacity of rat skin is only slightly 
decreased following hair plucking. 
The observed decrease in skin ODe activity following hair 
plucking could also result from the release or activation of an 
enzyme inhibitor. A macromolecular inhibitor of liver ODe has 
been reported [7-9]. This "antizyme" can be dissociated from 
the enzyme-inhibitor complex by treatment with 10% ammo-
nium sulfate [10). ODe enzyme concentrates from shaved or 
plucked skin were chromatographed on a Biogel-PlOO column 
with no treatment, or after (NR')2S0 " treatment, and the 
recovery of enzyme activity calculated. The results of a typical 
experimen t are presented in Table II. Ammonium sulfate treat-
ment of ODe enzyme prepared from unplucked skin resulted 
in a slight increase in the activity recovered. However, the 
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FIG 2. Effect of cycloheximide or ha ir plucking on ["H]-leucine 
incorporation in rat s kin. Dorsal skin patches of unplucked control 
an imals (e--e) received 2 /-,C ["H]-leucine subcutaneously at the 
times indicated before death. Skin adjacent to an injected patch was 
also assayed (0). Cycloheximide-treated animals (0---0) were 
treated identically, but received 1 mg cycloheximide/ 100 g body 
weight i.p. at the time of the first injection. Animals also had hair 
plucked from a dorsal skin patch, which was immediately injected with 
[:JH]- leucine, a nd were killed after 1 hr (_) . Skin patches were assayed 
as described in the text. Data are the mean ± S.E., n = 6. 
TABLE II. Effect of 10% (NH4hS04 trea.tment on shin ODe a.ctivity 
Enzyme 10% (N H.,hSO" ODe activity % Recovery (units") 
Unplucked 9.02 98.0 
+ 10.10 112.0 
1 HI' postplucking 3.68 93.0 
+ 6.43 174 .8 
" One unit of ODC enzyme activity is capable of releasing 1 nmol of 
"'C02lhr. 
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FIG 3. Dose-response curves for the inhibition of rat skin ODC by 
antizyme preparations. Antizyme extractions were made as described 
in the text on unplucked (0--0) skin or 30 min postplucking 
e--e). The preparation from plucked skin was fw·ther treated with 
10% (NI·!.obSO" (e- - -e) as described in t.he text. The preparations 
were assayed for inhibition of ODC in the presence of 0.6 uni ts of 
enzyme and under constant assay conditions. 
recovery of ODe activity from plucked skin was nearly doubled 
after the salt treatment, suggesting that an antizyme-like inhib-
itor was present in the plucked skin samples. 
Inhibitor extracts were then prepared from shaved and 
plucked skin of telogen-phase rats using conditions similar to 
those reported for liver ODe antizyme. Telogen-phase animals 
were selected because endogenous skin ODe levels are lowest 
at this time of t he hair cycle [1). Free antizyme occurs only 
when it is in excess of the ODe enzyme [10]. The inhibitory 
activity was found to pass through filters with a molecular 
weight cu toff of 50,000 and to be retained by filters with a 
molecular weight cutoff of 30,000, indicating a molecular weight 
apparently lal'ger than 30,000. ODe enzyme activity was not 
detected in this fraction. Rat skin ODe has a molecular weight 
apparently of 52,000 (authors' unpublished observations) and 
may be eliminated by the XM 50 prefiltration. 
The dose-response curves of the antizyme extracts are pre-
sented in Fig 3. No free inhibitor could be detected in extracts 
of unplucked skin. In extracts of rat skin plucked 60 min before 
death the level of inhibitor was increased by treatment with 
(NH1hSO". This is consistent with the data on increased recov-
ery of ODe enzyme activity by salt dissociation of an enzyme-
inhibitor complex. 
DISCUSSION 
The OCCUlTence of an initial decrease in ODe enzyme activity 
after administration of a stimulus has previously been reported 
only in the case of hair plucking in skin [1 ,3]. The present 
investigation has been directed toward elucidating the mecha-
nism(s) responsible for this initial loss of ODe activity following 
hair plucking. We have previously reported that this decrease 
did not appear to be due to general proteolysis [3). Disruption 
of cellular metabolism leading to a general decrease in skin 
enzyme activities appears not to occur, since the activities of 
several other skin enzymes were unchanged or increased 1 11.1' 
after hair plucking. Since ODe is known to have a short biologic 
half-life, it was possible that a loss of protein synthetic activity 
would result in significant effects on this enzyme in particular. 
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However, protein synthesis was found to continue at nearly 
normal levels after hail' plucking. 
The possible presence of an inhibitor of ODC activity was 
suggested by reports of a macromolecular ODC "antizyme" 
that can be recovered from liver after treatment with exogenous 
polyamines [7-9]. The recovery of substantially greater ODC 
activity in preparations of plucked skin after treatment with 
10% (NH4)2S04 was consistent with the reported behavior of 
liver antizyme [10). Extraction of plucked skin under the ap-
propriate conditions resulted in the recovery of an inhibitory 
substance that had a molecular weight apparently greater than 
30,000. Rat liver antizyme has a reported molecular weight of 
26,500 [10] and chicken liver antizyme has a molecular weight 
of 19,500 [9). The recovery of increased amounts of inhibitor 
after treatment of plucked skin extracts with 10% (NH4hS04 is 
consistent with an antizyme-like inhibitor. The activation and/ 
or release of this inhibitor by physiologic means, hair plucking, 
raises the possibility that modulation of this molecule may be 
involved in the cyclical regulation of hair growth and/or the 
ordered differentiation of the epidermis. 
We thank Ms. Judith Thorpe for her expert technical assist-
ance. 
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T6 Is Superior to Ia (HLA-DR) As a Marker for Langerhans Cells and 
Indeterminate Cells in Normal Epidermis: A Monoclonal Antibody Study 
TERENCE J. HARRIST, M.D., JAN E. MUHLBAUER, M.D., GEORGE F. MURPHY, M.D. 
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Previous studies in our laboratory using immunoelec-
tron microscopy have shown that anti-T6 monoclonal 
antibody reacts with all epidermal Langerhans cells in 
normal skin. Comparison of the number of T6-positive 
(+) epidermal cells with la (HLA-DR) (+) cells, as defined 
by the monoclonal antibodies, anti-Il and anti-12, dis-
closed that these latter markers significantly underesti-
mated Langerhans cell and indeterminate cell numbers 
(p < 0.01 and p < 0.001, respectively) when employed in 
a sensitive 4-step immunoperoxidase procedure. Thus, it 
appears that' all epidermal Langerhans cells and indeter-
mina te cells are not la-positive as defined in this system 
and that Ia(+)/T6(+) and la(-)/T6(+) subsets exist. 
These subsets may be analogous to the la( +) and la( -) 
subsets of macro phages, in which the former are respon-
sible for antigen interaction with T cells. 
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Abbreviations: 
PAP: peroxidase-antiperoxidase 
PBS: phosphate-buffered saline 
These findings indicate T6 reactivity is more sensitive 
than la reactivity in defining the Langerhans cell and 
indeterminate cell populations in normal skin. Further-
more, other la-positive cells frequently infiltrate the ep-
idermis in inflammatory cutaneous disorders. It is pro-
posed that T6 reactivity is more specific than Ia reactiv-
ity and will better reflect the numbers of epidermal 
Langerhans cells and indeterminate cells in such reac-
tions. 
In 1975, Hammerling and his colleagues showed that cells 
expressing la antigens were present within murine ep idermis 
[1]. Several investigators have concluded that LangeI'hans cells 
and indeterminate cells (thought to be Langerhans cell precur-
sors) are the only normal inhabitants of human epidermis to 
express la-like (HLA-DR) antigens on theil' surface [2-4]. 
Hence, in normal human epidermis, la-like antigens have been 
considered to be highly specific markers for Langerhans cells 
and their precursors. 
Recently, a monoclonal antibody, anti-T6, was developed 
that reacts with 70% of thymocytes but not with peripheral T 
cells [5,6). Using an immunoperoxidase electron microscopic 
technique, Murphy et al [7,8] have shown that anti-T6 antibody 
labels intraepidermal Langerhans cells. This observation was 
corroborated by la (anti-II) and T6 double-labeling studies 
